Abstract Exosomes, which act as biological cargo vessels, are cell-released, phospholipid-enclosed vesicles. In eukaryotic cells, exosomes carry and exchange biological materials or signals for the benefit or detriment to the cells. Thereby, we consider exosomes to be molecular Palkis (carriers). Although exosomes are currently one of the most popularly researched cellular entities, they have remained largely enigmatic and warrant continued investigation into their structure and functions. These membraned vesicles are between 30 and 150 nm in diameter and are actively secreted by all cell types. While initially considered cellular Btrash bags,^recent years have revealed exosomes to be dynamic and multi-functional vesicles that may play a crucial role in cancer development, progression and metastasis. Thereby, they have the potential to be used in development of therapeutic modalities for cancer and other diseases. As more research studies emerge, it's becoming evident that exosomes are released by cells with a purpose and are representatives of certain cell types and disease conditions. Hence, they may also be used as biomarkers for the detection of cancer initiation, progression and organotropic metastatic growth of cancer cells. This review will focus on the recent developments achieved in identifying the role of exosomes in cancer development and progression as well as therapeutic implications. The review will also discuss the pitfalls of methodologies used for the extraction of exosomes.
Introduction
Cells periodically release extracellular vesicles as a part of their normal physiological processes (Chargaff and West Arvind Subramanian, Vijayalaxmi Gupta and Sandipto Sarkar are authors have equal contribution to prepare this article Arvind Subramanian is a High school (Olathe North High School, Kansas) student joined the Cancer Research Unit as a summer student in 2015 and 2016. 1946 ). These vesicles, released from both eukaryotic and prokaryotic cells with diameters ranging from 30 nm to 1 μm, have dedicated functions (van der Pol et al. 2012) . Based on size, morphology and origin, eukaryotic-cell-derived vesicles are divided into five categories (Brinton et al. 2015; Colombo et al. 2014; van der Pol et al. 2012) . These categories include extracellular vesicles, vacuoles, lysosomes, transport vesicles and secretory vesicles. Exosomes are considered extracellular vesicles with endocytic origins (Kalluri 2016; Raposo and Stoorvogel 2013; van der Pol et al. 2012) . Another larger vesicle created as a direct result of endocytosis from the plasma membrane is the microvesicle. Like microvesicles, exosomes are surrounded by a phospholipid bilayer membrane and are enclosed with genetic material and protein (Raposo and Stoorvogel 2013; van der Pol et al. 2012) . Although both exosomes and microvesicles are cellderived extracellular vesicles with similar enclosing membranes, there are many differences that distinguish them by structure, origin and function. This review highlights how exosomes promote cancer progression and metastasis as well as identifies the underlying mechanisms that could be potential efficacious targets for prevention and therapy. The pitfalls and limitations of exosome research are also discussed in this review.
Exosome biogenesis and beyond
Exosomes and microvesicles originate in different ways. They're first conceived when endocytic vesicles on the plasma membrane are fused to form early endosomes, and mature into late endosomes (Brinton et al. 2015; Lee et al. 2012; Raposo and Stoorvogel 2013) . The late endosomes then undergo inward budding, in which vesicles form on the membrane of the endosome and are internalized (Brinton et al. 2015; Lee et al. 2012; Raposo and Stoorvogel 2013) . At this point, the endosome contains many small vesicles referred to as multivesicular bodies (MVBs), while the vesicles within the MVB are called intraluminal endosomal vesicles (ILVs) (Lee et al. 2012) . Rather than fusing with the lysosome, the MVBs fuse with the plasma membrane, releasing their internalized ILVs within extracellular space (Lee et al. 2012) . Once the ILVs are released into extracellular space, they are considered exosomes ( Figs. 1 and 2) . Although the biogenesis, secretion and delivery of exosomes are still unknown phenomena, recent studies suggest that the syndecan heparan sulphate proteoglycans and their cytoplasmic adaptor, syntenin, control the formation of exosomes (Baietti et al. 2012; Roucourt et al. 2015) , while secretion and delivery to their correct destinations are regulated by Rab GTPases pathways (Ostrowski et al. 2010; Stenmark 2009 ). Additionally, endosomal sorting complexes required for transport (ESCRTs), intra-and intercellular pH and Ca 2+ channels or H + pumps are also known to play critical roles in exosome secretion and delivery to the recipient cells (Bobrie et al. 2011; Iero et al. 2008; Michelet et al. 2010; Parolini et al. 2009; Ramachandran and Palanisamy 2012; Savina et al. 2003; Zhang et al. 2015) . The uptake of the exosomes by recipient cells, which can be accomplished by endocytosis, receptor-ligand interaction or fusion (Zhang et al. 2015) , is dependent on microenvironmental pH (Parolini et al. 2009 ). At a low pH, the exosomes show increased release and uptake of recipient cells via fusion (Parolini et al. 2009) (Fig. 3) . Conversely, microvesicles are formed in a less complex manner. They are formed simply by the shedding of a cell's plasma membrane through exocytosis (Zomer et al. 2010) . Interestingly, the term Bexosomes^was initially used to classify microvesicles on the nano-scale (Raposo and Stoorvogel 2013) . However, the discovery of the exosomes' intracellular origin prompted a transfer of nomenclature of vesicles. Exosomes range in size between 30 Endocytosis leads to the formation of early endosomes which collect miRNA, proteins, DNA, RNA and forms membrane-bound intraluminal vesicles by budding within the lumen. At this stage, the structure is called late endosome or multi-vesicular bodies (MVBs) and contains a heterogeneous population of exosomes, which are either destroyed if fused with lysosomes or released into the extracellular milieu via fusion with the plasma membrane and 150 nm in diameter (Kahlert et al. 2014; Kalluri 2016; Patel et al. 2016; Raposo and Stoorvogel 2013; van der Pol et al. 2012) , and morphologically, they look like a cup or dish under an electron microscope and express several identifiable molecular markers (Kalluri 2016; Patel et al. 2016; Zhang et al. 2015) . The size and morphology of exosomes extracted from two different breast cancer cell lines are depicted in Fig. 2 . Microvesicles, on the other hand, can range between 50 and 1000 nm in diameter (Lee et al. 2012) . However, it is important to note that the majority of microvesicles will most likely be >1000 nm (Zomer et al. 2010) . Exosomes also differ from microvesicles in the genetic information they carry.
Exosomes have emerged as important extracellular signalosomal vesicles that could play a vital role in intercellular communication (Syn et al. 2016; Thery et al. 2002a; Thery et al. 2002b) , and thus, could be referred to as communicasomes (Zhang et al. 2015) or Bmolecular Palkis^(we designated the exosome as a Palki because historically a palki is an ancient cargo carrier that was used for communications individuals or kingdoms). Exosomes were believed to be homogenous, but as research advanced, it became evident that exosomes are heterogeneous based on the cell of origin and the status of the tissue or cells (Kalluri 2016) . Before the discovery of exosomes, two possible methods of intercellular communication were known, direct contact between cells or transfer of molecules secreted by the cells. However, it is now, understood that there is a third process of intercellular communication mediated by exosomes under a wide range of physiological and pathophysiological contexts (Kalluri 2016; Raposo and Stoorvogel 2013; Syn et al. 2016; van der Pol et al. 2012) . These include malignant transformation and metastasis. Fig. 2 Qualitative and quantitative analysis of exosome in MCF-7 and MDA-MB-231 breast cancer cells using standard methods applied in exosome analysis. a Nano sight analysis showed different particle sizes with a peak in the desired range (exosomes). b Electron microscopy (TEM) confirmed the presence of exosomes based on morphology and size (Red arrows). c CD63 and TSG-101, markers for exosomes were expressed in the protein extract 
Molecular markers for the detection of exosomes
Exosomes carry several cytoplasmic and membrane proteins that may serve as molecular markers (Labani-Motlagh et al. 2016; Mathivanan et al. 2012; Mincheva-Nilsson and Baranov 2010; Suetsugu et al. 2013 ) . These include chaperon or heat shock cytoplasmic proteins such as heat shock proteins 70 and 90 (Hsp70 and Hsp90), the ESCRT-associated protein Alix and Tsg101 and membrane proteins such as tetraspanins (e.g. CD9, CD63 and CD81). In addition, several ligands (i.e., EGFR ligands including EGF, TGF-α and amphiregulin and Fas ligand) are differentially expressed in exosomes for various functions (Abusamra et al. 2005; Higginbotham et al. 2011; Labani-Motlagh et al. 2016) . These ligands can be used as ideal markers for exosomes.
Exosomes instigate cancer initiation and progression
Exosomes are capable of altering the characteristics of the recipient cells for cancer initiation and progression. Exosomes have recently been shown to play a role in angiogenesis, immunosuppression and other physiognomies associated with cancer initiation and progression. They mainly alter the microenvironment and create a niche conducive to cancer initiation and progression Kahlert and Kalluri 2013) .
After the discovery of an exosomal mode of intercellular communication, the exosomal role in tumor initiation and progression has been studied by multiple scientific groups. A tumor initiates with incidence of single or multiple genetic mutations as well as epigenetic changes in one or more cells in a tissue resulting in transformation of the cells. The transformed cells gain the hallmarks of cancer, paving the tumor's path to malignancy (Hanahan and Weinberg 2011) . During this course, the language of the intercellular cross-talks changes owing to the major alterations in the transcriptomic and proteomic landscape of the communicating cells. Studies have shown that exosomes released by the tumor cells can be coopted by the neighboring cells in the microenvironment including fibroblasts, endothelial cells, immune cells and other epithelial cells to stimulate cancer progression and metastasis to the distant organs (Gu et al. 2012; Park et al. 2010; Skog et al. 2008; Webber et al. 2010; Webber et al. 2014; Webber et al. 2015; You et al. 2015; Zhou et al. 2014) . The stromal cells also shed exosomes which are assimilated by the tumor cells (Atula and Grenman 1997; Luga et al. 2012) , thus the exosome-mediated influence is bi-directional. There has been direct evidence of transformed tumor cells transferring oncoproteins like mutated EGFR and K-Ras to adjacent tumor cells lacking their expression which enables the recipient cells to achieve unrestrained proliferation (Al-Nedawi et al. 2008; Demory Beckler et al. 2013 ). It has also been shown that exosomes might carry oncogenic viral proteins, capable of transforming normal epithelial cells to neoplastic ones (Aga et al. 2014) . Recent studies of Melo et al. suggest that glypican-1 (GPC1) positive circulating exosomes may serve as a diagnostic tool for the detection of early stages of pancreatic cancer and expedite curative surgical therapy (Melo et al. 2015) , which are direly needed for prevention or cure of diseases like pancreatic cancer.
The most crucial pathological step to malignancy is the invasion of cancer cells where the disease literally crosses all boundaries into the surrounding stromal tissue. The widely studied cell biological phenomenon of epithelial to mesenchymal transition (EMT) holds the key to this step (Thiery et al. 2009 ). Tumor-derived exosomes have been shown to carry a pro-EMT load of proteins comprised of transcription factors like HIF-1α, β-catenin and signaling factors like TGFβ, TNF-α, PDGF along with various MMPs which have been shown to play a significant role in remodeling of the tumoradjacent stroma (Aga et al. 2014; Syn et al. 2016; You et al. 2015) . As a result, stromal fibroblasts have been shown to be Bactivated^to cancer associated fibroblasts (CAFs) (Gu et al. 2012; Webber et al. 2010) , which play an important agonistic role in tumor progression (Brentnall 2012; Camps et al. 1990; Orimo et al. 2005) . Moreover, cancer exosome-mediated TGFβ/Smad signaling induces differentiation of myeloid derived suppressor cells, mesenchymal stem cells and normal stromal fibroblasts to pro-angiogenic myofibroblasts (Cho et al. 2012; Vong and Kalluri 2011; Webber et al. 2010; Webber et al. 2014) . One important local target of the exosomes shed by the tumor cells is the vascular endothelial cells for the activation of pro-angiogenic switch to access the host vasculature for their nutrition (Park et al. 2010; Skog et al. 2008; Zhou et al. 2014) . The tumor cells thriving in a hypoxic environment shed exosomes that are functionally different from the exosomes released in normoxic conditions from the same cancer cells (Kucharzewska et al. 2013) . The hypoxiccancer cell-shed exosomes hijack the host's angiogenic program inducing formation of new blood vessels for the tumor. The endothelial cells are affected by the tumor exosomes that release growth factors to stimulate pericytes via the AKT pathway (Kucharzewska et al. 2013 ).
The tumor derived exosomes, host immune system and cancer progression
The exchange of tumor-derived exosomes and the immune cells' exosomes between the immune and tumor cells plays a major part in the tug-of-war between the tumor and the host immune system. Multiple studies indicate that the exosomes secreted by the tumor cells have an important role in outwitting the host's immunosurveillance system by numerous diverse mechanisms, allowing the tumor to evade the immune responses (Kahlert and Kalluri 2013) . The manner in which exosomes transfer information from one cell to another is very dynamic. As previously mentioned in this review, the majority of cells internalize the exosomes, after which the cargo is released into the cells. However, a recent report showed that tumor-derived exosomes can communicate with T-cells without becoming internalized. This is achieved by interacting with the receptors present on the T-cells and regulating the gene expression (Muller et al. 2016 ). Thus, exosomes have emerged as an entity that was, for many years, covered in a cloak of invisibility but have now stepped into the spotlight in the field of cancer as a ray of hope in understanding and eradicating the disease.
The tumor derived exosomes, microRNA biogenesis and cancer progression
Multiple micro-RNAs (e.g. miR-10b, miR-29 and others) shown to have direct effect on cancer progression and metastasis are also exchanged between the cancer cells ( Table 1) . The cancer cells' secreted exosomes facilitates the initiation, progression or both via inducing EMT and creating a stromal environment favorable for tumor cell invasion (Brinton et al. 2015; Kahlert and Kalluri 2013; Suchorska, and Lach, 2016; Syn et al. 2016) . Moreover, recent studies found that the exosomes from breast cancer cells can promote cellindependent microRNA biogenesis and initiate tumorigenesis in non-tumor epithelial cells via Dicer-dependent pathways (Melo et al. 2014) . Collectively, these unique findings suggest an opportunity for development of microRNA-based biomarkers and therapies.
Proteome-signatures of cancer exosomes dictate cancer cells for organ-specific metastasis
Organotropic (organ-specific) metastatic growth of cancer cells from a primary site (Lu and Kang 2007) is still an unsolved phenomenon more than a century after the Bseed and soil^hypothesis, which was first proposed in 1889 (Paget 1889) . Although metastasis is the major contributor of cancer-related death, the metastatic process is greatly inefficient and only few progressive cancer cells have the skill to form a colony in the distant organs (Fidler 1973; Mehlen and Puisieux 2006; Steeg 2016) . Studies have proposed several mechanisms to explain why only a few cancer cells gain metastatic growth and the others are restricted from this growth (Hess et al. 2006; Mehlen and Puisieux 2006; Steeg 2016) . A recent review article by Patricia Steeg proposed that specific genomic instability may be the fuel used to complete the metastasis to the distant organs, which is lacking in other cellular (Tokuhisa et al. 2015) phenotypes (Steeg 2016) . Thereby, therapeutic control of those instabilities may improve patient outcomes and decrease death associated with metastasis. However, it is undeniable that no such mechanisms or biomarkers for earlier intervention are still obtainable to target cancers. Cancer cells are able to secrete factors that promote metastasis. For example, breast cancer-cell-secreted microRNA-105 (miR-105) abolishes vascular endothelial barriers via regulating the tight junction protein ZO-1 and promotes metastasis (Zhou et al. 2014 ). Interleukin-6 (IL-6), produced by breast cancer cells, promotes tumor growth and metastasis via IL-6/ Janus kinase (JAK)/signal transducer and is an activator of transcription 3 (Stat3) (Chang et al. 2013) . Moreover, an interaction of the intrinsic properties of cancer cells and the microenvironment of the host organ are critical in determining the effectiveness of organ-specific metastasis (Lu and Kang 2007) . Consistent with previous perceptions, recent studies proposed that exosomes are those tumor-derived factors that educate cancer cells and host-stromal cells to gain metastatic phenotypes and determine organ-specific metastasis (Fig. 4 ) (Costa-Silva et al. 2015; Hoshino et al. 2015; Peinado et al. 2012; Zomer et al. 2015) . Costa-Silva et.al found that the uptake of exosomes by liver host-Kupffer cells (stellate macrophages-phagocytic cells, KCs) promotes liver fibrosis via activating several canonical molecular signatures, including connective tissue growth factor (CTGF/CCN2), insulinlike growth factor (IGF), PDGF and transforming growth factor-β (TGF-β) (Costa-Silva et al. 2015) . The exosome-KC-mediated activation of liver fibrosis pathways creates a pro-inflammatory environment that ultimately supports metastasis (Costa-Silva et al. 2015) . Specifically, macrophage migration inhibitory factor (MIF), which is highly expressed in pancreatic cancer cell-derived exosomes, attacks KCs in the liver and induces secretion of TGF-β. The secreted TGF-β attacks neighboring hepatic stellate cells for the production and deposition of fibronectin, which, in turn, arrests bonemarrow-derived macrophages and neutrophils in the liver for metastatic niche formation (Costa-Silva et al. 2015) .
Recent studies of Hoshino et.al proposed a novel role of breast tumor cell secreted exosomal integrins in the formation of metastasis (Hoshino et al. 2015) . They found that lung metastasis can be induced by exosomal integrins α6β4 and α6β1, while exosomal integrin αvβ5 can promote liver metastasis (Hoshino et al. 2015) . Moreover, the studies demonstrate that the tumor-derived exosomal integrins may selectively adhere to cell-associated extracellular matrix (ECM)-enriched cellular areas of specific organs and promoting Src phosphorylation and pro-inflammatory S100 gene expression for organ specific metastasis (Hoshino et al. 2015) . Therefore, they suggest that exosomal integrins could be ideal markers to predict organ-specific metastasis.
Metastatic melanoma derived exosomes, which are produced by Ras-related proteins 27a (Rab27a), promote the metastatic behavior of primary melanoma by educating bone marrow progenitor cells (Peinado et al. 2012) . Melanoma-specific molecular signatures of exosomes have been detected in association with metastatic niche formation. These signatures include tyrosinase-related protein-2 (TYRP2), very late antigen 4 (VLA-4), heat shock protein 70 (HSP70), an HSP90 isoform, and MET oncoprotein. Education of bone marrow progenitor cells is achieved through MET protooncogene receptor/ hepatocyte growth factor receptor (HGFR) (Peinado et al. 2012) .
Collectively, these studies demonstrate that exosomes of various cancers mediate metastatic niche formation in a very organ-specific manner. Various cell types such as endothelial cells, fibroblasts, bone marrow and other stromal cells are participants in the formation of metastatic niche via the unique influence of horizontal transfer of molecules (Colombo et al. 2014; Costa-Silva et al. 2015; Hoshino et al. 2015; Kalluri 2016; Peinado et al. 2012) . Some regulation mechanisms have been uncovered but there still much to learn.
Pitfalls of exosome research
While many important molecular targets and pathways are expected to link with exosomes, isolation methods have proved a major obstacle in exosome research (Safdar et al. 2016) . Because standardized isolation methods are still being developed, exosome yield, quality and reproducibility is a continuous concern. Differential centrifugation, a process involving a series of centrifugations steps of increasing speeds, is currently the most common method for isolating exosomes. However, there are several disadvantages to ultracentrifugation (Lobb et al. 2015) . The process often results in lost or damaged exosomes, rendering them undesirable for Fig. 4 Cancer-derived exosomes act as messengers of metastasis. Exosomes exhibit tissue/organ specificity and act by Bpriming^the site to create a microenvironment that is conducive for cancer metastasis experimentation (Lobb et al. 2015) . In addition, the yield of exosomes is low and variable as they are prone to clumping, which makes it difficult to separate them based on size in density-dependent ultracentrifugation (Greening et al. 2015; Tauro et al. 2012) . Another problem with differential centrifugation is that other particles of similar weight and density to exosomes are also pelleted down, including protein aggregates and lipoproteins (Tauro et al. 2012; Witwer et al. 2013 ). Exosome cargo is also affected by the ultracentrifugation process. For example, exosomes isolated from ultracentrifugation generally yield lower levels of protein and RNA (Taylor and Shah 2015) . Furthermore, ultracentrifugation concentrates albumin and IgG when used to isolate exosomes from serum, thereby contaminating the exosome pellet (Gyorgy et al. 2011 ). More effective methods, like immunoaffinity, are available, but limited due to paucity of antibodies and exosome markers (Greening et al. 2015) . Several exosome isolation kits, which were found to be more efficient and reproducible than ultracentrifugation, are also available (Gyorgy et al. 2011 ). However, these kits are expensive, which is why ultracentrifugation remains a popular method for isolating exosomes. Our lab routinely uses ultracentrifugation and has obtained very consistent results (see Fig. 2 ).
Conclusion and future perspectives
Exosomes, nano-vesicles with an endocytic origin, are excreted by nearly all cells and contain genetic materials and various molecular signatures. The transfer of exosomes between cells allows for intercellular communication -an essential component for biological and pathobiological functions. Based on their functions, exosomes are considered molecular cargo (Kalluri 2016) , signalosomes (Syn et al. 2016) or molecular palkis. Exosomes promote invasive phenotypes, angiogenesis and metastatic growth to the distant organs and, as a result, aid in therapeutics by acting as biomarkers and vehicles for genetic therapy; they can be potentially beneficial since exosomes are non-invasive bioavailable vehicles (Tickner et al. 2014) . On the other hand, the destruction/inactivation of cancer-derived exosomes itself may lead to inhibition of angiogenesis and metastasis, thus controlling the tumor. As a result, exosomes can be beneficial or destructive depending upon their environment. Their multi-faceted and dynamic role in cancer initiation, progression and metastasis offers a fertile ground to determine the cause, effect and treatment of various cancers. Ultimately, as research continues to decode the regulatory languages of exosomes' signals, this will pave the way for new strategies for cancer therapies. For example, exosomal MIF regulates TGF-β-signaling for metastatic niche formation but it is unclear whether CTGF/CCN2, which is a downstream mediator of TGF-β-induced fibrosis (Ruiz-Ortega et al. 2007 ), plays any role in the formation of metastatic niche. Uncovering this molecular link between MIF and CTGF may open a new therapeutic window. Moreover, the involvement of other members of the CCN-family cannot be ignored as their participation via cross-talking/side-talking with TGF-β and integrins signaling are well-documented (Banerjee and Banerjee 2012; Jun and Lau 2011) . Thus, targeting CCN-family proteins' interactions can be effective, foreshadowing a promising future in our understanding of the underlying mechanisms of metastasis and developing prognostic markers for clinical studies.
